Azotobacter vinelandii, in late exponential growth phase, encysts when the glucose in the medium is replaced with j.-hydroxybutyrate. A final cell division then occurs without apparent deoxyribonucleic acid (DNA) synthesis, resulting in a reduction from two to one nucleoids per cell and a final DNA content of 3.2 x 10-14 g per cell. This is also the DNA content per cyst. A f3-hydroxybutyrate dehydrogenase is derepressed by the addition of the inducer and is identical to the enzyme in acetate-grown cells in its pH optimum, Michaelis constant for substrate, temperature-activity response, and mobility during electrophoresis in acrylamide gel.
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Cysts of Azotobacter vinelandii are resting cells which are analogous to endospores of bacilli in that they are considerably more resistant than vegetative cells to deleterious physical and chemical agents (17) . Cultures of this organism may be induced to encystment by growth on agar plates of Burk's nitrogen-free medium supplemented with 0.2% n-butyl alcohol as the carbon source ( 18, 23) . Alternatively, cultures may be grown to late exponential phase in liquid medium with glucose as the carbon source; the cells are then induced to encystment by the replacement of the glucose with either p-hydroxybutyrate (BHB) or crotonate (9) . This two-step process can be carried out in relatively large culture volumes and has been applicable to the study of the time course of this unique cellular differentiation process at the physiological (9) or fine structural level (6) . We have been concerned with the biochemical events which occur upon the induction of encystment and have examined the immediate effects of the addition of BHB on cell growth, cell division, and enzyme induction.
MATERIALS AND METHODS Strain and cultivation. A. vinelandii ATCC 12837, which was used throughout these experiments, was cultivated in Burk's nitrogen-free medium (22) at 30 C. In the two-step method for cyst production (9), cultures were grown to late exponential phase (2 x 108 cells/ml) with 1% glucose as the carbon source. (19) . Deoxyribonucleic acid (DNA) was determined by the method ot Burton (2) . Cells were extracted with 10% trichloroacetic acid at 95 C for 15 min, and the deoxynucleotides were assayed by using highly polymerized calf thymus DNA as a standard. Proteins were estimated spectrophotometrically (20) . CQmpounds containing amino sugars were assayed by the Rondle and Morgan (15) RESULTS Growth and encystment. The two-step encystment procedure (9) was scaled-up to a 3-liter volume in the following manner. Cultures of A. vinelandii were grown in 100-ml volumes of Burk's medium (1% glucose) per 500-ml Erlenmeyer flask. When a cell concentration of 2 x 108 per ml was achieved (approximately 18 hr at 30 C with shaking), 200 ml of culture was introduced into 2,800 ml of the same medium at 30 C in a 3-liter New Brunswick fermentor. The culture was stirred at 400 rev/min and aerated at 3 liters/min. Samples of this culture were taken at intervals for analyses of turbidity, cell count, total nitrogen, DNA, and BHB dehydrogenase. When the cell concentration reached 2 x 108 per ml, the cells were harvested by centrifugation and suspended in fresh Burk's nitrogen-free medium containing 0.2% BHB. Stirring, aeration, and sampling were continued through the initial stages of encystment.
Figure I presents growth data for A. vinelandii under the conditions described. After the induction of encystment by BHB, the culture appeared to undergo one cell doubling. This was apparent from both the turbidity and total nitrogen data and was substantiated by time-lapse phase-contrast micrography (Fig. 2) . A cluster of six vegetative cells on a slide culture was observed over a period of 8 hr. These cells had been grown in liquid Burk's nitrogen-free medium containing glucose. They were washed once in buffer and spread over the BHB-containing medium. The initiation of cell division was readily apparent at 2.5 and 3.5 hr. At 8 hr, five of the cells had divided, and their progeny appeared to be in the early stages of encystment. At that time, the sixth cell was in its final division.
Concomitant with the last cell division, an arrest of nitrogen fixation occurred. The total nitrogen of the culture remained constant with approximately 95% in the cellular material. DNA synthesis stopped at the time of the last cell division. The DNA content per cell dropped from 15 x 10-14 g per cell in exponentially growing cultures to 3.4 x 10-14 g per encysting cell (Fig. 3). The latter value is precisely the DNA content per cyst of A. vinelandii. Nuclear staining showed that cells in early exponential growth had as many as four nucleoids, whereas late exponential-phase cells had two. Cysts contained only one nucleoid.
An alternative procedure for initial extraction (3) and then DNA analysis was performed to validate the observations of DNA content per cell. A 100-ml culture of A. vinelandii was grown in Burk's medium (1% glucose) to a concentration of 1.8 x 108 cells/ml. The culture was chilled to 4 C; the cells were harvested, washed in 0.1 M Tris-0.1 M NaCl buffer (pH 9.0), and resuspended in 18 ml of the same butfer. Two milliliters of cold 10% sodium dodecyl sultfate was added, and the suspension was stirred for 20 min in an ice bath. An equal volume (20 ml) of water-saturated phenol was added, and the mixture was slowly stirred for an additional 20 min. The aqueous and phenol layers were separated by centrifugation, and the DNA in the aqueous layer was precipitated by the addition of three volumes of ethanol. The DNA precipitates were collected and suspended in 0.1 M NaCI. The total DNA recovered from 1.8 x 1010 cells was 840 ug, amounting to 4.7 x 10-14 g/cell. The amino sugar content of the DNA preparation was used as a measure of its contamination with cell envelope constituents (21 comparisons are presented in Fig. 4 and The total nitrogen in the culture increased 1.25-fold after induction of encystment, and the total cell count increased 1.4-fold, a value consistent with the 1.8-fold increase in optical density. A reduction in the DNA content per cell was achieved in this process, the final level equaling the DNA content of mature cysts. A derepression of BHB dehydrogenase synthesis occurred, and relatively high levels of the enzyme were present in cells within 1 hr of induction of encystment. The specific activity of this enzyme during encystment was equal to that in cells grown on acetate. A complete cessation of nitrogen fixation took place approximately 3 hr after the addition of BHB.
The shift-down per se did not induce encystment. This metabolic state occurs after glucose exhaustion from the medium; however, under these conditions, relatively few cysts are produced (9) . The specificity of the inducers of encystment, (n-butanol, crotonate, or BHB) suggest that unique metabolic sequences may be involved in cyst formation. In some unknown manner, the metabolites of n-butanol, which stop normal growth, control the formation of cyst components. Even though key intermediates may exist, they must be transitory because ultimately 90% of all exogenously added BHB is oxidized to CO2 (9) .
The BHB dehydrogenase which was elaborated during encystment was 
